transmission through the aperture. The in-material wavelength was smaller and the aperture attenuated the incident light less. Although the amount of transmitted light varied with the aperture-filling material, the material filling the aperture did not affect the illumination profile emanating from the aperture. This computational prediction was confirmed by experimental comparison of apertures with varying filling materials; the solidified photoresist pillars above apertures showed no experimental dependence on whether or not the apertures were initially filled with glass, allowing or disallowing the photoresist to penetrate into the apertures.
Varying the type of metal forming the aperture also affected the illumination profile ( Fig.   S1D ). Aluminum and chrome films produced very similar illumination profiles. Aluminum has slightly more light transmission through the aperture than chrome, but the light profiles emanating from the chrome vs. aluminum apertures were otherwise indistinguishable. However, gold had a much greater light transmission in general and yielded an illumination profile that is less confined to the small volume directly above the aperture. This was likely due to the increased transmission of 488 nm light into gold vs. chrome or aluminum.
Fabrication
The fabrication of apertures includes the fabrication of pillars in the fused silica substrate 
Optical Alignment
Alignment of the optical components required careful, daily attention. Firstly, it was necessary to make the centers of the two objectives collinear and focused on the aperture. The bottom microscope objective was held in an inverted Olympus Inc. IX71 with its only degree of movement vertical to adjust the focal plane. The top microscope objective was held in an "Up- Fourthly, the fluorescence emission collection optics were aligned. The fluorescence emission was focused by the top objective directly on to a optical fiber cable (OZ Optics, Ltd., QMMJ-33-UVVIS-100/140-3A-1) by a 4x microscope objective (Olympus Corp., PlanN). This system was attached to the back of the Up-Down microscope body, between the filter cube turret and the eye piece. Light was directed towards collection optics and away from the top eye-piece by a sliding 100% mirror (Olympus Corp.). The collection optics were held in place with 30 mm cube accessories (Thorlabs Inc.) and alignment was performed with translation stages (Thorlabs Inc., ST1XY-A and SM1Z) from a dichroic mirror (Semrock Inc., FF660-Di02-25x36) mounted within a cage cube (Thorlabs Inc., C6W and BC4). Emission channels were individually chromatically filtered (Semrock Inc., FF01-512/25 or Chroma Technology Corp., ET655lp) directly before being focused on to the optical fiber cable.
Finally, all optical components were aligned by maximizing the intensity of fluorescence emission collected by the APDs. The 30 mm cube translation stages holding the fiber optics needed the most attention. Control samples of densely labeled supported lipid bilayers were commonly used to achieve a constant bright fluorescence emission for alignment.
Measurement of D for CTxB
The diffusion rate of monomeric CTxB was measured with fluorescence recovery after photobleaching (FRAP) and single particle tracking (SPT) via stochastic optical reconstruction microscopy (STORM) (Fig. S6) . The supported lipid bilayer of POPC with 0.1% GM1 was created on glass-bottom MatTek dish, as described in the Materials and Methods. CTxB-AF647 was bound to the membrane and its diffusion was monitored. Membrane formation, CTxB binding, and FRAP experiments were performed in a TRIS buffered saline (TBS, 50 mM TRIS, 150 mM NaCl, pH 8.5)
FRAP was performed with a Gaussian laser beam (w=9.1 µm) via traditional FRAP methods. 3 The optical setup included an Olympus IX83 microscope with a 100x objective (NA=1.49), a 2.5x magnifier, and an Andor iXon-Ultra camera acquiring an image every second.
The images were then analyzed to plot the image intensity vs. time after a brief 1000x increase in the laser power to bleach all of the fluorophores within the laser spot. The K value of the bleaching was determined to be 12 by fitting the first images after bleaching. The recovery had a half time of 330 ± 20 sec and yielded D = 0.11 ± 0.02 sec.
SPT via STORM was performed similarly to sptPALM 4 and as described previously. 5 
CTxB-AF647 was bound to the POPC and GM1 supported lipid bilayer on a glass-bottom
MatTek dish. STORM imaging was performed on the same IX83 microscope described previously. The buffer during STORM imaging was specifically designed to enhance fluorophore blinking (50 mM TRIS, 150 mM NaCl, 133 mg/mL glucose, 40 µg/mL glucose oxidase, 3 µg/mL catalase, 10 µL/mL β-mercaptoethanol). 120 mW of 649 nm laser light was used to cause the majority of the AF647 within the laser spot to transition into a dark state with <2 fluorophores 'on' per 10 ms exposure for isolated determination of each fluorophore's location in each frame. The fluorophore locations were determined with PALM3D 6 and the tracks between sequential frames were determined via Track.m. 7 After localization and tracking of individual fluorophores, the mean square displacement (MSD) of each fluorophore was determined as a function of the step time between frames (∆t). The slope of the MSD vs. ∆t reveals the diffusion coefficient, which we determined to be 0.14 ± 0.1 µm 2 /s. The agreement from this FRAP and SPT result yields high confidence in our measurements. We average them to conclude that D for CTxB in a POPC supported lipid membrane to be 0.12 ± 0.03 µm 2 /s. 
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